, labeled with the fluorescent probe 3,3-dioctadecylindocarbocyanine (Dil), were used to determine whether foam cells from atherosclerotic lesions have lipoprotein receptors similar to those of macrophages. The advantage of the Dil probe is that it produces a brilliant fluorescence due to its retention by the cells. When cells grown from intimal-medial explants of atherosclerotic rabbit aortas were incubated with Dil-labeled R-VLDL, both smooth muscle cells and foam cells became fluorescent. However, when large amounts of unlabeled LDL were added to compete with the 13-VLDL for binding to the LDL receptors, Dil-labeled 13-VLDL binding to smooth muscle cells was blocked, and only the foam cells became highly fluorescent, due to the presence of specific receptors for B-VLDL on those cells. The foam cells in the explants also became fluorescent when incubated with Dil-labeled acetoacetylated (AcAc) LDL. The same fluorescently labeled foam cells avidly bound IgG-coated erythrocytes. It was possible to inhibit the binding of the Dil-labeled AcAc LDL to aortic foam cells by the addition of fucoidin, a known inhibitor of modified LDL binding to macrophages. Foam cells that became fluorescent were similar to cells grown from the explants that contained an abundance of Oil red 0 positive lipid droplets and demonstrated high acid lipase activity. These results suggest that macrophages were the precursors of the foam cells derived from explants of atherosclerotic rabbit aortas. One difference we noted between these foam cells and macrophages, however, was that foam cells from the explants retained their cholesteryl esters under the same culture conditions that resulted in the loss of lipid from macrophages loaded with lipoproteins in vitro. The existence of receptors for 13-VLDL on aortic foam cells supports the contention that dietary cholesterol-induced B-VLDL may be atherogenic lipoproteins in vivo. (Arteriosclerosis 3:2-12, January/February, 1983) 
microscopy. However, some foam cells are so highly vacuolated due to lipid accumulation that all distinguishing characteristics are obscured, making the identification of the cells difficult. In addition, mounting evidence indicates that the type and number of foam cells in lesions are dependent on the specific animal model studied, the dietary regime, and the type of atherosclerotic lesion induced. 1 Most likely, there are different biochemical mechanisms responsible for the formation of foam cells of macrophage and smooth muscle cell origin, as well as different pathological consequences of their presence in an atherosclerotic lesion.
The results of in vitro studies using abnormal lipoproteins and cultured peritoneal macrophages have suggested a mechanism for the formation of foam cells from macrophages. Massive accumulation of cholesteryl esters can be stimulated in macrophages either by incubation with beta-migrating very low density lipoproteins (P-VLDL), 23 a class of lipoproteins derived from hypercholesterolemic animals, or by incubation with chemically modified lipoproteins. 4 " 7 The p-VLDL are cholesteryl ester-rich lipoproteins with a density of less than 1.006 g/cc and with p-electrophoretic mobility. These lipoproteins appear in the plasma of hypercholesterolemic dogs, rats, rabbits, swine, and monkeys, 8 and in patients with dysbetalipoproteinemia. 9 Because apo-B and apo-E are their major protein constituents, the p-VLDL are also bound by the apo-B,E (LDL) receptors on fibroblasts and smooth muscle cells. 10 Cholesteryl ester accumulation and a foam celllike appearance can also be induced in macrophages -but not in smooth muscle cells or fibroblasts -by incubation with certain chemically modified lipoproteins. Alteration of the lysine residues of low density lipoproteins (LDL) by acetylation, 46 acetoacetylation, 6 or treatment with malondialdehyde, 7 leads to enhanced uptake and accumulation of cholesteryl esters by macrophages. With these same modifications, LDL binding to the normal apo-B,E receptors on fibroblasts and smooth muscle cells is blocked. Recent reports indicate that LDL, modified by incubation with endothelial cells, can also stimulate cholesteryl ester accumulation in macrophages. 11 Since foam cells can be produced from macrophages in vitro both by incubation with p-VLDL from cholesterol-fed animals and by incubation with chemically modified lipoproteins, the uptake of either of these abnormal lipoproteins by macrophages in vivo might explain the formation of foam cells in the arterial wall. To determine if foam cells in atherosclerotic plaques have receptors and an uptake mechanism for the same abnormal lipoproteins that cultured macrophages do, we developed a technique to characterize the receptor binding of lipoproteins to individual cells in a mixed cell population. We used lipoproteins labeled with the fluorescent probe 3,3'dioctadecylindocarbocyanine (Dil), 12 since lipoproteins labeled with this probe have been shown to have the same chemical composition and physical properties as native lipoproteins. Furthermore, labeling apo-E HDL,, (the "c" indicates induction by cholesterol feeding) or LDL with Dil had no effect on their interaction with cells in vitro. When these lipoproteins were labeled with Dil, they bound to fibroblasts at 4°C with the same affinity as control (nonfluorescent) lipoproteins. When the lysine residues of the apoproteins of Dil-labeled LDL, p-VLDL, or apo-E HDL, were acetoacetylated by reaction with diketene, the binding of these lipoproteins to the apo-B,E (LDL) receptors on fibroblasts was blocked; 613 however, the lipoproteins were avidly taken up by macro-phages. 12 Therefore, it was possible to use the Dillabeled acetoacetylated (AcAc) LDL to distinguish macrophages from fibroblasts in mixed cultures. 12 In this paper we have further characterized the interaction of Dil-labeled lipoproteins with specific cells and have reported the use of Dil-labeled p-VLDL and Dillabeled AcAc LDL in the identification of foam cells with lipoprotein receptors similar to those of macrophages in mixtures of cells grown from explants of atherosclerotic rabbit aortas.
Methods

Materials
We obtained 3,3'-dioctadecylindocarbocyanine (Dil) from Molecular Probes, Incorporated (Junction City, Oregon). Fucoidin was purchased from ICN Pharmaceuticals, Incorporated (Plainview, New York). Rabbit antihuman erythrocyte IgG was purchased from Cappell Laboratories, Incorporated (Cochransville, Pennsylvania). Male rabbits were obtained from Animals West (Soquel, California) and female mice, from Charles River (Wilmington, Massachusetts). Rabbit chow, containing 0.5% cholesterol, was obtained from Zeigler Brothers, Incorporated (Gardners, Pennsylvania). Tissue culture chamber slides were purchased from Lab-Tek Products (Naperville, Illinois). All other supplies were obtained as previously described. 12
Lipoproteins
Human LDL (d = 1.02 to 1.05) and lipoproteindeficient human serum (d > 1.21) were obtained by sequential density gradient ultracentrifugation of normal human plasma as previously described. 14 The p-VLDL (d < 1.006 fraction, principally p-VLDL) were obtained from the plasma of hypercholesterolemic rabbits or dogs by centrifugation for 15 hours at 50,000 rpm in a Beckman 60 Ti rotor. 3 They were recentrifuged at d = 1.006 for 16 hours at 50,000 rpm. The LDL and p-VLDL were iodinated ( 125 I) as described by Bilheimer et al. 15 Lipoproteins were labeled with the Dil as previously described. 12 Following labeling with Dil, the human LDL were acetoacQtylated by reaction with diketene as described earlier. 12 ' 13 
Tissue Culture Studies
Dog smooth muscle cells, 1617 normal human fibroblasts, 1318 and mouse peritoneal macrophages 2 were cultured as described. Dog smooth muscle cells and fibroblasts were plated (3 x 10 4 cells) in 35-mm tissue culture dishes and maintained in Dulbecco's modified Eagle's medium (DMEM) containing 10% heat-inactivated fetal calf serum. The medi-urn was replaced with fresh medium on Day 3 of culture. On Day 5, the medium was changed to 10% lipoprotein-deficient human serum in DMEM and experiments were conducted on Day 7 when the cells were confluent. For mixed culture experiments, mouse peritoneal macrophages (5x10 5 ) were added to the smooth muscle cells or fibroblasts (on Day 3 or 5, see figure legends), and 1.5 hours later the plates were washed three times with DMEM to remove nonadherent cells. Medium was then added as indicated in the figure legends and experiments were conducted 2 days later. Cells that were grown for a total of 7 days before experiments were confluent, while those that were grown for a total of 5 days were subconfluent. Following incubation with Dil-labeled lipoproteins, cells that were to undergo fluorescent microscopy were washed five times with phosphatebuffered saline containing 2 mg/ml bovine serum albumin (PBS-BSA) and washed once with PBS without BSA. The cells were then fixed for 30 minutes at room temperature with 3% formalin in a phosphate buffer, pH 7.4. The formalin was aspirated and cover slips were dropped directly onto the tissue culture plates and fixed in place with clear nail polish.
Macrophages (2 x 10 6 cells/35 mm dish) were loaded with cholesteryl esters by incubation with AcAc LDL. Mouse peritoneal macrophages were obtained 2 and maintained for 12 hours in DMEM containing 20% fetal calf serum. The medium was then replaced with DMEM containing 50 pig/ml of AcAc LDL and the cells were incubated for 32 hours at 37°C. The medium was removed, the cells were washed, and then incubated with DMEM containing 20% fetal calf serum. At various times up to 32 hours after the removal of the AcAc LDL from the medium, the cells were scraped from the plates, and the mass of cholesterol and cholesteryl ester was determined using a thin-layer chromatography/flame ionization detection system. 19 Briefly, the lipids were extracted from the cells with chloroform-methanol (2:1), containing 10 /ng of methyl heptadecanoate as an internal standard, and separated on quartz rods coated with silica gel (Chromarods S from Ancal, Incorporated, Los Osos, California), using a developing system of hexane-diethyl ether-formic acid (88:12:0.4). The lipids were quantitated by passage of the rods through a hydrogen flame detector in an latroscan model TH-10 (Ancal, Incorporated). The data were collected and processed using a Hewlett-Packard Model 3390A integrator. Quantitation obtained by reference to the internal standard was corrected for differences in response to the components in the hydrogen flame detector.
In experiments designed to quantitate the amount of Dil-and 12S l-labeled lipoproteins in cells, following incubation with Dil-, 12s l-labeled lipoproteins, the plates were cooled to 4°C and the cells were given three short washes with PBS-BSA, followed by two 10-minute washes with PBS-BSA, and one wash with PBS. Cells to be analyzed for 12S I were solubilized with 3, 0.5-ml aliquots of 0.1 N NaOH, and radioactivity was determined in a gamma counter. Cells to be analyzed for Dil were scraped with a rubber policeman using two 0.5-ml aliquots of PBS and then freeze-dried. The Dil was extracted from the dried cell pellet with methanol and analyzed on a Perkin Elmer model 650-40 Spectrofluorometer (excitation 520 nm, emission 570 nm). Standards of Dil in methanol were used for quantitation.
Explants
Rabbits were maintained on a 0.5% cholesterol diet for approximately 4 months before sacrifice by exsanguination. Their mean serum cholesterol levels were 1500 mg/dl. The aortas were removed under sterile conditions and the adventitia carefully dissected away. The aortas were then opened and washed with DMEM, and the areas containing raised lesions were cut with a scalpel into pieces approximately 1 mm in diameter. These were then placed, intimal side down, in 35-mm tissue culture dishes and allowed to stick for approximately 10 minutes before the addition of 0.75 ml of DMEM containing 20% heat-inactivated fetal calf serum. The explants were maintained under these culture conditions at 37°C and under 5% CO 2 for up to 21 days. The preparation and maintenance of similar explant cultures have been described.*°' 21 When cells had migrated or grown out of the explants (approximately 7 to 21 days), they were either stained with Oil red O, 22 stained for acid lipase activity, 20 or incubated with either Dil-labeled B-VLDL or Dil-labeled AcAc LDL for 3 hours at 37°C. In some experiments, the explants that had been incubated with the Dil-labeled AcAc LDL were incubated for an additional 30 minutes at room temperature with human erythrocytes coated with rabbit antihuman erythrocyte IgG or control erythrocytes. The erythrocytes were coated with IgG in PBS essentially as described. 20 Incubation of cells with IgG-coated erythrocytes was carried out in PBS. These plates were then washed, fixed, and viewed by phase contrast and fluorescent microscopy.
When explants were to be viewed by polarizing microscopy to identify droplets composed of anisotropic cholesteryl esters, they were grown on tissue culture chamber slides. Because the explants did not stick well to this surface, they were allowed to dry on the surface for 30 minutes and were then covered with a sterile cover slip to help hold them down before the addition of DMEM containing 20% fetal calf serum. Polarizing microscopy was performed at a temperature lower than 22°C. 23 All cells were examined using a Zeiss Universal microscope either in the phase contrast, polarization, or fluorescent configuration. Fluorescence microscopy was performed using epifluorescent illumination and a Rhodamine filter package. Photomicrographs were taken using Kodak Tri-X Panachromatic (ASA 400) or Ektachrome (ASA 400) film. Mouse peritoneal macrophages were incubated with 10 /j.g/ml of Dil-, 125 l-labeled AcAc LDL for 5 hours at 3TC, the cells washed, and then DMEM containing 10% heatinactivated fetal calf serum was added, and the incubation continued at 37°C. Where indicated, the cells were harvested, radioactivity counted, and Dil quantitated. Each data point is the mean of duplicate ( 125 I) or triplicate (Dil) samples. The mean cellular protein was 0.15 mg/dish.
Results
When cells were incubated with Dil-labeled lipoproteins, the Dil was quantitatively retained within the cells. This was demonstrated by incubating human fibroblasts for 5 hours at 37°C with LDL labeled with both Dil and 125 I. After the removal of the LDL from the medium, the amount of Dil and 125 I in the cells was determined over the course of the next several days. As shown in figure 1, no loss of Dil from the fibroblasts was noted during the period of 144 hours (~6 days) following removal from the medium of Dil-, 125 l-labeled LDL. By contrast, 85% of the 125 Ilabeled lipoprotein protein was lost from the cells during this same time period (-80% during the first 3 hours). Similar results were obtained with mouse peritoneal macrophages that were incubated with DII-, 1Z5 l-labeled AcAc LDL (figure 2). There was essentially no loss of Dil from the macrophages even at 120 hours after the removal of the Dil-, 126 l-labeled AcAc LDL from the medium, whereas a substantial amount of lipoprotein protein was degraded, as reflected by the loss of 12S I from the cells. When confluent fibroblasts were incubated with Dil-labeled LDL, or when mouse peritoneal macrophages were incubated with Dil-labeled AcAc LDL, the cells appeared highly fluorescent for at least 5 days following removal of the lipoproteins from the medium, as visualized by fluorescence microscopy (data not shown).
The interaction of Dil-labeled p-VLDL with individual cells in mixed cultures was then studied in an attempt to identify cells with p-VLDL receptors. Figure 3 shows the binding and internalization of Dillabeled p-VLDL following incubation with a mixture of dog smooth muscle cells and mouse peritoneal macrophages. As expected, both cell types bound and internalized the fluorescently labeled lipoproteins and became fluorescent; binding to the smooth muscle cells occurred through the apo-B,E (LDL) receptors, and to macrophages through a specific P-VLDL receptor. Likewise, when Dil-labeled p-VLDL were incubated with mixed cultures of fibroblasts and mouse peritoneal macrophages, both cell types internalized the lipoproteins ( figure 4 A and B) . However, as shown in figure 4C and D, the addition of large quantities of unlabeled LDL greatly reduced the cellular uptake of Dil-labeled p-VLDL by the fibroblasts because the LDL competed with the Dillabeled p-VLDL for binding to the apo-B, -E receptors, the only binding site for p-VLDL on fibroblasts. On the other hand, p-VLDL binding to the macrophages (mediated by a specific p-VLDL receptor) was not inhibited by the addition of unlabeled LDL, and the macrophages accumulated fluorescence (figure 4 C and D). The specificity of the uptake was established by demonstrating that the addition of excess, unlabeled p-VLDL was an effective competitor in preventing the uptake of Dil-labeled P-VLDL by both cell types (figure 4 E and F).
We have previously shown that macrophages could be distinguished from fibroblasts in a mixed The dog smooth muscle cells were grown for 5 days before the addition of the macrophages. Then DMEM containing 10% lipoprotein-deficient human serum was added, and the experiment was conducted 2 days later. Binding studies were performed at 37°C for 3 hours with the fluorescently labeled, chemically modified LDL added at a concentration of 7.5 ng of protein/ml. Cells were washed and fixed as described, x 200 cell culture by their reactivity with Dil-labeled AcAc LDL. 12 Likewise, as shown in figure 5 , when mixed cultures of dog smooth muscle cells and mouse peritoneal macrophages were incubated with Dil-labeled AcAc LDL, the macrophages became fluorescent, whereas the smooth muscle cells did not. In order to further characterize the binding of the Dil-labeled AcAc LDL, the cells were incubated in the presence of fucoidin, a substance which has been shown to competitively inhibit the binding of acetylated LDL by macrophages. 5 Fucoidin inhibited the binding of the Dil-labeled AcAc LDL to macrophages ( figure 6 ).
Since we could distinguish macrophages from cells containing the apo-B, -E (LDL) receptor by using Dil-labeled AcAc LDL, or Dil-labeled 0-VLDL in the presence of excess, unlabeled LDL, these two Figure 6 . Photomicrographs showing the fluorescent binding of Dil-labeled AcAc LDL to mouse peritoneal macrophages. A. Dil-labeled AcAc LDL alone. B. In the presence of fucoidin. Macrophages were isolated and incubated overnight in DMEM containing 20% fetal calf serum prior to incubation for 3 hours at 37°C with Dillabeled AcAc LDL at a concentration of 7.5 IUQ of protein/ml. Competition studies were performed with 75 nqlm\ of fucoidin. x 160 approaches were used to identify foam cells with receptors similar to macrophages in explants of atherosclerotic lesions. Intimal-medial explants of atherosclerotic aortic segments from cholesterol-fed rabbits were maintained under culture conditions for a period of 7 to 21 days. The ability of the smooth muscle cells and foam cells that grew or migrated out of the explants 20 to bind and internalize Dil-labeled P-VLDL and AcAc LDL was examined. In addition, we determined which cells exhibited other properties of macrophages, including acid lipase activity and the ability to bind IgG-coated erythrocytes. Foam cells were identified by phase microscopy or Oil red O lipid staining.
When Dil-labeled p-VLDL were incubated with a mixture of cells grown from an explant, the lipoproteins were taken up by both smooth muscle cells and foam cells ( figure 7 A and B) . However, when the same experiment was performed in the presence of excess, unlabeled LDL, only the foam cells were significantly labeled (figure 7 C and D). The LDL prevented the binding of the p-VLDL to the apo-B, -E receptors on the smooth muscle cells, but not the binding of the P-VLDL to the p-VLDL receptors on foam cells. These data indicate that foam cells in aortic explants have distinct receptors for p-VLDL, a property shared with peritoneal macrophages in culture.
When cells derived from explants of rabbit aortas were incubated with Dil-labeled AcAc LDL, the foam cells internalized the fluorescent lipoproteins, whereas the smooth muscle cells did not ( figure 8 ). It was possible to observe cells with the appearance of smooth muscle cells that contained significant amounts of Oil red 0 positive material, but that did not take up the Dil-labeled AcAc LDL. Fluorescent labeling occurred only in cells containing massive amounts of lipid, i.e., foam cells. The binding and internalization of the Dil-labeled AcAc LDL could be prevented by competition with fucoidin. The foam cells that internalized the modified LDL appeared identical to other foam cells that were intensely stained with Oil red O and revealed high levels of acid lipase activity (data not shown).
In addition, the foam cells from the aortic expiants that internalized Dil-labeled AcAc LDL also bound human erythrocytes coated with rabbit antihuman erythrocyte IgG ( figure 9 ). Thus, the same cells with receptors for chemically modified LDL also possessed receptors for IgG, a characteristic of macrophages. Preparations incubated with control erythrocytes were negative. Only cells that accumulated the Dil-labeled AcAc LDL bound the IgG-coated erythrocytes. We did not observe cells in the expiants lacking significant quantities of lipid that demonstrated any of the properties characteristic of macrophages, i.e., modified lipoprotein receptors, high acid lipase activity, or IgG-coated erythrocyte binding.
The observations reported above suggest that the foam cells in the aortic expiants behaved differently from cultured macrophages loaded with cholesterol in vitro. The cells from the aortas appeared to retain their lipid for long periods of time, whereas cultured macrophages readily released their cholesterol when incubated under the same conditions as the expiants. When mouse peritoneal macrophages were loaded with lipid by incubation with AcAc LDL for 32 hours at 37°C, the mass of cholesteryl ester in the cells increased 30-fold (470 /Ltg/mg cell protein loaded vs. 15 pig/ing control) and the free cholesterol increased fourfold (130 /xg/mg cell protein loaded vs. 30 ixg/mg control) over control values obtained without the addition of lipoproteins. The cholesterol and cholesteryl ester content of these cells returned to control levels within 32 hours following the removal of the lipoproteins from the medium and incubation of the cholesterol-loaded cells with medium containing 20% fetal calf serum. Foam cells grown from expiants did not appear to lose their lipid at this rate when incubated in DMEM containing 20% fetal calf serum. Numerous Oil red O positive foam cells were still present after 14 days of maintenance under culture conditions in vitro. Moreover, we were able to demonstrate the presence of cholesteryl esters in 
Discussion
The in vitro observation that macrophages take up P-VLDL and chemically modified LDL and develop a foam cell appearance suggests that these lipoproteins may be atherogenic. 24 a Although the chemically modified lipoproteins have not been shown to occur in vivo, p-VLDL are known to occur in vivo in the plasma of atherosclerosis-prone animals fed high cholesterol diets 8 and in the plasma of humans with Type III hyperlipoproteinemia who develop accelerated vascular disease. 9 The present study was designed to determine if foam cells in the aortas of cholesterol-fed rabbits possess receptors for P-VLDL and chemically modified LDL, as well as other properties characteristic of macrophages. Lipoproteins labeled with the fluorescent probe Dil were used to observe the uptake of the lipoproteins by specific cell types.
As shown in this study, the brilliant fluorescence of cells produced by the uptake of Dil-labeled lipoproteins was due, in part, to the fact that the Dil accumulated within the cells and was not rapidly degraded or released. The Dil was in fact quantitatively retained by cells for 5 to 6 days. Sucrose and cholesteryl ethers, when used to label lipoproteins, also accumulate within cells that take up these lipoproteins. The accumulation of these substances has been used to quantitate the uptake of lipoproteins by cells. 2827 It appears that Dil may also be effective in this regard.
The results of our study showed that foam cells that migrated from explants of atherosclerotic rabbit lesions possessed several properties of macrophages, including P-VLDL receptors, AcAc LDL receptors, IgG receptors, and high acid lipase activity. These studies do not, however, conclusively identify the origin of the foam cells in the explants, nor do they exclude the occurrence of foam cells of smooth muscle cell origin that may not have readily migrated from the explants. The present study has demonstrated, however, that the foam cells that migrate from intimal-medial explants of rabbit aorta have receptors for p-VLDL and chemically modified LDL similar to those of macrophages, and that these lipoproteins could therefore result in the accumulation of lipid by these cells in vivo.
Other investigators have also reported the occurrence of foam cells in atherosclerotic rabbit aorta with properties similar to macrophages. x -** Fowler et al. 28 separated two classes of cells from the aortas of cholesterol-fed rabbits: low density foam cells and higher density, lipid-containing smooth muscle cells. The low density foam cells had several properties characteristic of macrophages. These properties included high catalase and acid hydrolase activity, Fc receptors, and antibody-mediated phagocytosis. However, in contrast to macrophages, approximately two-thirds of the foam cells lacked receptors for the third component of complement. Therefore, it is possible that these cells were macrophages that failed to express complement receptors, as has been reported in macrophages loaded with neutral lipid. 29 Schaffner et al. 20 have also noted that foam cells that exhibit features of macrophages, could be derived from aortas of cholesterol-fed rabbits and monkeys. The characteristics they noted were: surface binding and phagocytosis of antibody or C 3 -coated erythrocytes, rapid adherence to glass, and high acid lipase activity. It therefore appears that at least some foam cells in the atherosclerotic lesions of rabbits and monkeys are derived from macrophages. Presumably the tissue macrophages in lesions are derived from circulating monocytes, since cells resembling monocytes have been demonstrated in the arterial wall in both the early and late phases of the development of atherosclerosis. 30 " 32 One possible difference was noted between the foam cells in the explants and those that were produced in vitro. When macrophages were loaded in vitro, the cholesteryl esters were rapidly lost if a suitable acceptor for cholesterol was present in the medium. 33 We have reported that the amount of cholesteryl ester that accumulates in macrophages is dependent upon the ratio of HDL (acceptor) to P-VLDL in the medium. 34 In the present study and, as previously reported by others, 33 ' M it was demonstrated that macrophages loaded with cholesteryl esters lose most of their cholesterol following a 32-hour incubation in DMEM containing 20% fetal calf serum. However, numerous foam cells in the explants retained large quantities of cholesteryl esters, as demonstrated by polarizing light microscopy, for up to 18 days while being maintained in a medium containing 20% fetal calf serum. In studies of foam cells in explants, Schaffner et al. 20 also noted only a gradual reduction in Oil red O staining beginning after 4 to 7 days in culture. The loss of the ability to release accumulated cholesteryl esters rapidly could represent an important difference between foam cells derived from atherosclerotic lesions and those produced from macrophages in vitro.
